Background: Corneal alkali burns are common ophthalmic emergencies which may lead to permanent visual impairment. In spite of great advances made in the treatment of these cases, the structural and functional restoration of corneal alkali burns remains challenging. Bone marrow-derived mesenchymal stem cells (BM-MSCs) have been demonstrated to enhance corneal healing. However the problem remains in finding a suitable vehicle to deliver BM-MSCs to the site of injury. Objectives: To evaluate the therapeutic potential of BM-MSCs loaded on two biological vehicles (amniotic membrane versus platelet-rich plasma gel) in corneal alkali burns. Materials & Methods: Fifty rats were randomly divided into five equal groups. Group I (control group), group II (corneal ulcer group) and group III (recovery group). Group IV rats with corneal ulcers were treated with amniotic membrane loaded with BM-MSCs while in the group V the rats with corneal ulcers were treated with platelet-rich plasma cells loaded with BMMSCs. The corneal specimens were processed for the light microscope, transmission electron microscope examination, and RT qPCR assay for VEGF and iNOS. Results: Group II showed epithelial separation and denudation with disorganized stroma and disrupted Descemet's membrane and endothelium. Group III showed residual epithelial separation and vacuolation with neovascularization of the disorganized stroma. Group IV showed thinning of corneal epithelium with inflammatory infiltration of the stroma. Group V corneas revealed restoration of corneal epithelial thickness, organized stroma and continuous Descemet's membrane. Also, there was an upregulation of iNOS & VEGF gene expression in groups II and III which was downregulated in group IV and V. Conclusions: The combination of BM-MSCs with PRP gel was a promising treatment for corneal alkali burns and may be applicable for other types of corneal disorders.
INTRODUCTION
Globally, ten million individuals suffer from bilateral visual impairment due to corneal affection. Corneal lesions represent the second most common cause of diminution of vision after cataract [1] . Most corneal lesions are associated with neovascularization, such as aniridia, infection, inflammation and mechanical or chemical injuries [2] .
Corneal alkali burns are an opthalmic crisis commonly seen among 20 to 40 year old males working in chemical laboratories and factories. Due to the young age of patients, possible long term disabilities following ocular burns could adversely impact patients' lives [3] .
The treatments of the corneal alkali burns incorporate medical and surgical modalities [4] . Many cases require surgical intervention, especially limbal stem cells (LSCs) transplantation. This is conceivable in one-sided lesions when the other-side cornea is healthy or less harmed. However, this carries a possible risk of LSC depletion in the healthy donor eye. Allogeneic limbal stem cells have been directed by various ophthalmologists, in many cases, however, the results were not sufficient and treatment requires delayed immunosuppressive treatment [5] . Alternative sources of cells include; conjunctival cells, buccal mucosal cells, embryonic undifferentiated stem cells [6] , induced pluripotent stem cells and mesenchymal stem cells [7] have been explored for generation of the limbal trans-differentiation.
Along these lines, mesenchymal stem cells (MSCs)
seem to speak to the most encouraging cell source to replace LSCs [8] . Bone marrow-derived mesenchymal stem cells (BM-MSCs) are multipotent stromal cells which can differentiate into various types of cells. thus representing are a promising source for cellular treatment. Lastly, MSCs have been examined for the healing of corneal alkali burn with promising results. Transplanted MSCs are thought to enhance corneal regeneration through excretion of antiinflammatory and anti-angiogenic cytokines [9] .
However, one of the real issues related to stem cells treatment remains the absence of a reasonable vehicle to transport SCs to the exact tissue site. Up until this point, different material and scaffolds have been examined for the transfer of SCs [10] .
Human amniotic membrane (AM) represented the best standard in ocular surfaces reconstruction. In most of the studies, AM alone, helped in slower corneal healing, which leads to the conjunctival epithelial invasion but BMSCs loaded on AM is superior to AM alone for repair of corneal ulcer [11] .
Platelet-rich plasma (PRP) contains a high convergence of vital growth factors and cell adhesion molecules. These cell adhesion molecules and growth factors possess a major role in wound regeneration and improves the physiological microenvironment at the site of the injury or the surgery [12] .
MATERIALS AND METHODS

Experimental Animals
Fifty healthy adult male albino rats weighing about 200 grams were bred and maintained in an air-conditioned animal house with specific pathogen-free conditions. Rats were subjected to a normal light/dark cycle and allowed unlimited access to chow and water. All animals' procedures were performed according to approved protocols of the Animal Committee of the Faculty of Medicine, Benha University and in accordance with the recommendations for the proper care and use of laboratory animals.
Experimental procedure
Rats were randomly divided into equal five groups (N=10):
Group I (control group): the cornea of right eyes were treated with normal saline.
Group II (corneal ulcer group): corneal alkali burn was induced in the right eyes by sodium hydroxide (NaOH). Rats were sacrificed 3 days post-alkali burn to assess the alterations of the histological structure which occurred in acute phase of corneal alkali burn.
Group III (recovery group): corneal alkali burn was induced in the right eyes by sodium hydroxide (NaOH). Rats were sacrificed 28 days post-alkali burn to assess the recovery.
Group ΙV (BM-MSC/AM group): corneal alkali burn was induced in the right eyes then treated locally after 3 days by BM-MSCs loaded on amniotic membrane. Rats were sacrificed after 28 day post alkali burn.
Group V (BM-MSC/PRP group): The corneal alkali burn was induced in the right eyes then treated after 3 days by BM-MSCs loaded on PRP gel. Rats were sacrificed 28 days post-alkali burn.
Corneal alkali-burn model
Rats were anesthetized by intramuscular injection of 0.5mg/kg ketamine. Thereafter, corneal alkali burns were induced on the right eye of each rat, while the other eye was left without burns to enable the animals to access water and food, as well as to move freely. A filter paper of 5mm diameter was soaked for 30 seconds in 1% NOH and was applied on the whole cornea including the limbus for 25 seconds, then the cornea was rinsed with 10 ml of distilled water. All groups received local antibiotic, as levofloxacin eye drops, administered twice per day throughout the duration of the experiment [13] .
At the end of the experimental duration, rats were anesthetized with intramuscular injection of 0.5 mg/kg of ketamine, then the right eyes were carefully enucleated and the excised, corneas were processed for histological (light and transmission electron microscope) examination as well as RNA extraction for real time PCR assay.
Preparation of BM-MSCs
Rats BM-MSCs were prepared in the Biochemistry Department, Faculty of Medicine, Cairo University. Bone marrow cells were flushed from tibia and fibula of rat bones with phosphate-buffered saline (PBS) containing 2 ml EDTA. Over 15 ml Ficoll-Paque (Gibco-Invitrogen, Grand Island, NY), 35 ml of the diluted sample was carefully layered, centrifuged for 35 minutes at 400 rpm and the upper layer was aspirated leaving undisturbed mononuclear cell (MNC) layer at the interphase. This MNC layer was aspirated, washed twice in PBS containing 2 ml EDTA and centrifuged for 10 minutes at 200xg rpm at 10ºC. The cell pellet was re-suspended in a final volume of 300μl of buffer. Isolated MSCs were cultured on 25 ml culture flasks in minimal essential medium (MEM) supplemented with 15% fetal bovine serum (FBS) and incubated for 2 hours at 37°C and 5% CO 2 . Adherent BM-MSCs were cultured in MEM supplemented with 30% FBS, 0.5% penicillin, streptomycin and at 37°C in 5% CO 2 in air (14) . All cultures were examined using an inverted microscope; Leica DM IL LED with camera Leica DFC295 (Leica Microsystems CMS GmbH, Ernst-LeitzStraße 17-37, Wetzlar, D-35578, Germany).
Preparation of Amniotic membrane
Amniotic membrane collection
Amniotic membranes (AMs) were collected from full term delivery women with informed consent at Benha University hospital. At the end of the normal delivery and after complete separation of the placenta, the placentas were collected under complete aseptic conditions.
Amniotic membrane preparation
The AMs were stripped off and immersed in 1L sterile normal saline containing 100 μ/ml penicillin and 0.2 mg/ ml streptomycin and 0.025 mg/ml amphotericin. The epithelial surface was marked by external knot of silk stitch which was placed on the surface of the AMs. Tentime serial washing of the membranes in sterile petri dishes containing 20 ml normal saline with the former additives were done. During washing, each individual membrane was finger rubbed and squeezed of blood vessels gently. AMs were then kept in a container of normal saline with additives for a period of two hours in a refrigerator [15] .
Amniotic membrane banking
The AMs were uniformly spread without folds or tears on individually sterilized 0.22 m nitrocellulose membranes of the required size (47 mm) with epithelial/basement layer surface up. The molded membrane sheets were cut into 4-5 cm pieces, each piece was placed in sterile plastic dishes containing the preservative medium 1:1 vol/vol ratio sterile glycerol and Dulbcus Modified Eagles media (DMEM, Sigma-Aldrich Chemical Co., St. Louis, Missouri, USA) with 3.3% L-glutamine, 25 µg/ml gentamicin, 50 units/ ml penicillin, 100 µg/ml ciprofloxacin and 0.5 mg/ml amphotericin B. The membranes were then preserved at a temperature of -80ºC [16] .
Amniotic membrane assessment
The AMs were assessed bacteriologically and mycological through direct microscopic examination (swabbing and staining) with additional aerobic and anaerobic culturing immediately after collection. Samples of the cryopreserved AMs were tested one, two and three weeks after preservation using the same previously mentioned procedures to detect any bacterial or fungal contamination during preservation. The cryopreserved AMs were allowed to thaw at room temperature before use [16] .
Loading of stem cells on amniotic membrane.
Under complete aseptic condition; the previously prepared cryopreserved AMs were washed with phosphate buffer saline containing antibiotic several times till they become free from preservative glycerol. The isolated, propagated and characterized BM-MSCs for two weeks in culture were counted with haemocytometer and then loaded on AMs as a feeder layer. AMs co-cultured with BM-MSCs were maintained in RPMI-1640 media for one week and supplemented with 10% fetal bovine serum (FBS; USDA, Gibco, Grand Island, NY, USA), antibiotics (penicillin 10000-U⁄ml, streptomycin 10000-U⁄ml) and amphotericin-B 25-U⁄ml MSCs. Co-culture was incubated at 37°C in a humidified atmosphere containing 5% CO 2 [17] .
Preparation of platelet rich plasma
Whole blood samples were collected using acceptable medical techniques to avoid hemolysis. 30 cc venous bloods was obtained by venipuncture from the same rats and added in acid citrate dextrose (ACD) tubes. Samples were sent for laboratory analysis for platelet concentration before centrifugation. The blood was centrifuged first using a 'soft' spin at 1480 rpm for 6 minutes to separate erythrocytes. The supernatant plasma containing platelets was transferred into another sterile tube without anticoagulant. The tube was centrifuged secondly at a higher speed of 3400 rpm for 15 minutes 'hard spin' to obtain a platelet concentrate. The lower 1/3rd was platelet rich plasma (PRP) and the upper 2/3rd was platelet poor plasma (PPP). At the bottom of the tube, platelet pellets were formed. PPP was removed and the platelet pellet was suspended in a minimum quantity of plasma (2-4 ml) by gently shaking the tube [18] .
Preparation of PRP gel
Platelets were activated with thrombin (Sigma, St. Louis, MO USA) 5 U/mL in 40ml CaCl2): 10μL of PRP and 10μL of thrombin was mixed and incubated at 37°C for 30 minutes to form PRP gel. Then loading of stem cells on PRP membrane just before application on injured eyes [19] .
Histological study (light and electron microscopy)
For light microscopic study (H&E staining and immunohistochemistry)
Right corneas were excised. Specimens were fixed in 10% buffered formol saline and processed for paraffin sections of 4-6 µm thickness, mounted on glass slides for H & E (20) . Other sections were mounted on +ve charged slides for immunohistochemical staining using monoclonal PCNA at 1:400 dilution (Sigma-Aldrich, St Louis, Missouri, USA). Antigen retrieval was performed in all cases by steam heating the slides in a 1-mmol/L solution of EDTA (pH 8.0) for 30 minutes. After blocking of endogenous biotin, staining was performed using an automated immunostainer followed by using a streptavidin-biotin detection system (Dako, Glostrup, Denmark). Sections were counterstained with hematoxylin. As a negative control, the primary antibody was replaced with PBS [21] .
Morphometric study
The mean area percent of PCNA expression was quantified five images from in five non-overlapping fields from each rat of each group using Image-Pro Plus program version 6.0 (Media Cybernetics Inc., Bethesda, Maryland, USA).
For transmission electron microscopic study
Specimens of right corneas (1mm3 ) were fixed with 2.5% buffered glutaraldehyde in 0.1 M PBS (phosphate buffer solution) pH 7.4 at 4°C for 2h. Then, they were washed three times with PBS 10 minutes each. Post fixation in 1% Osmic acid for 30 minutes. Washing three times with PBS 10 minutes each, then dehydrated with ascending series of ethyl alcohol (30, 50, 70, 90% and absolute alcohol) each concentration for 30 minutes. Thereafter, they were infiltrated with acetone for 1 hour. After dehydration samples were embedded in Araldite 502 resin. The plastic molds were cut in the LEICA Ultracut (UCT ultra-microtome), and stained with 1% Toluidine blue. After examination of semi-thin sections, ultra-thin sections (50-60 nm in thickness) were cut, stained with uranyl acetate, then counter stained with lead citrate. The sections were examined and photographed using JEOL-JEM-100 SX electron microscope, Japan, at the Electron Microscope Unit in Tanta University [22] .
Reverse Transcriptase quantitative PCR (RT-qPCR)
The corneas of all studied groups were homogenized and total RNA were isolated with RNeasy Mini Kit (Qiagen, Hilden, Germany) and further analyzed for quantity and quality with a dual beam spectrophotometer (Beckman Coulter, Fullerton, California, USA). For quantitative expression of vascular endothelial growth factor (VEGF) and nitric oxide synthase (iNOS) genes; the following procedure was performed. 200 ng of the total RNA from each sample were used for cDNA synthesis by reverse transcription using High capacity cDNA Reverse Transcriptase kit (Applied Biosystems Inc., Foster City, CA, USA). The cDNA was subsequently amplified with the Syber Green One-Step PCR Master Kit in a 48-well plate (Applied Biosystems Inc., Foster City, CA, USA) as follows: 10 minutes at 95 ºC for enzyme activation followed by 40 cycles of 15 seconds at 95ºC, 20 seconds at 55ºC and 30 seconds at 72ºC for the amplification step. Changes in the expression of each target gene were normalized relative to the mean critical threshold (CT) values of GAPDH housekeeping gene by the 2 -ΔΔC t method (23) . We used 1μ of both primers specific for each target gene. Primers sequence specific for each gene demonstrated in table (1) .
Statistical analysis
Data collected from the experiment was recorded and analyzed using IBM SPSS Statistics software for Windows, Version 20 (IBM Corp., Armonk, NY, USA). One-way analysis of variance (ANOVA) with Post Hoc LSD test was used to compare differences among the groups of quantitative genes expression. In each test, the data was expressed as the mean (M) value, standard deviation (SD) and differences were considered to be significant at p< 0.01.
RESULTS
BM-MSCs identification
The BM-MSCs were identified after 2 weeks in culture with an inverted microscope as spindle shaped cells (Fig. 1a) . Their phenotypes were confirmed by flow cytometry and analysis of cell surface molecules for CD90 and CD29 (Fig. 1b) . The BM-MSCs loaded on amniotic membrane appeared spindle shaped under inverted microscope (Fig. 1c) .
Histological results
Hematoxylin & Eosin results
Group I (control group): H&E stained sections showed the layers of the cornea. The non-keratinized stratified squamous epithelium consisted of five to seven layers of cells resting on a uniform basement membrane; while the Bowman's membrane was not observed. Group II (corneal ulcer group): The sections taken 3 days after induction of corneal ulcers showed various degrees of corneal epithelial affection. Some areas revealed separation of superficial epithelial cells while other areas showed complete denudation of the epithelium and separation of the epithelium from the underlying stroma. The stromal collagen fibers were disorganized with wide spaces. The Descemet's membrane and endothelium appeared disrupted (Fig. 2b ). Group III (recovery group): The sections revealed disorganized, disfigured epithelium with marked thinning of the corneal epithelium compared with the control group and vacuolization of its cytoplasm observed. The upper part of stroma consisted of thin disorganized collagen fibers with wide spaces in between while the lower part showed regularly arranged collagen fibers with numerous small spaces. Neovascularization of the stroma was also noticed. Descemet's membrane and endothelium appeared continuous (Fig. 2c ).
Group ΙV (BM-MSC/AM group): The sections revealed thinning of corneal epithelium. Some epithelial cells showed vacuolated cytoplasm. Wide spaces between the collagen fibers of the stroma were seen. The Descemet's membrane and endothelium appeared comparable to those of the control group (Fig. 2d) . Group V (BM-MSC/PRP gel group): revealed that the corneal epithelium was nearly uniform thickness with absence of epithelial loss or discontinuity. The epithelial cells were comparable to those of control with intact basement membrane. The stroma showed regular collagen fibers and spindle shaped nuclei of keratocytes. The Descemet's membrane and the endothelium appeared similar to the control group (Fig. 2e) .
Immunohistochemical results
To assess the proliferation of corneal cells after MSC transplantation, PCNA immunostaining was used and gave nuclear reaction. PCNA was expressed not only in the basal epithelial layer, but also extended from the periphery of the corneal epithelium to the central regenerated corneal epithelium in Group IV and V ( Fig. 3d & 3e) . PCNA expression was much more pronounced on day 28, while the expression of PCNA was minimal in group I (Fig. 3a) , mild in group II (Fig.  3b ) and moderate in group III (Fig. 3c) .
The mean area percent of PCNA for all groups was represented in Tables 2 and Figure 3f . There was a significant increase in mean area percent of PCNA immuno-expression of groups IV, V compared with group II.
Transmission electron microscope results:
Group I (control group): The superficial layers of epithelium were formed of squamous cells with flattened euchromatic nuclei. The cells were connected by desmosomes (Fig. 4a) . The intermediate layers consisted of polygonal cells with round euchromatic nuclei and numerous mitochondria in their cytoplasm. Electron dense desmosomes connected the adjacent cells (Fig. 4b) . The basal layers were formed of columnar cells with regular euchromatic nuclei and mitochondria in the cytoplasm. The basal layer of the corneal epithelium was columnar with regular euchromatic nuclei and numerous mitochondria in the cytoplasm. The cells rested on a regular basement membrane (Fig. 4c) . The stroma was formed of regularly arranged collagen fibrils showing orthogonal arrangement. Spindle shaped keratocytes were seen among the collagen fibrils with euchromatic nuclei and cytoplasmic organelles (Fig. 4d) . The Descemet's membrane appeared homogenous between the stroma and the endothelium. The endothelium was flattened with euchromatic nuclei and the cytoplasm contained variable sized pinocytotic vesicles (Fig. 4e ).
Group II (corneal ulcer group): Squamous cells of the superficial layer had shrunken nuclei and separated by wide intercellular spaces with inflammatory cells infiltration among them (Fig. 5a ). The separation was also observed among the irregular cells of the intermediate and basal layers. Their nuclei showed various degenerative changes ranging from irregularity to shrinkage and condensation of chromatin. The cells were also infiltrated by numerous inflammatory cells. The basal basement membrane appeared interrupted and inflammatory cells were observed in the stroma ( Fig. 5b and 5c ). The stroma showed disorganization of collagen fibrils and wide spacing in between, with numerous inflammatory cells. The keratocytes possessed irregular heterochromatic nuclei and vacuolated cytoplasm (Fig. 5d) . The Descemet's membrane and endothelium appeared attenuated and interrupted. The endothelial cells showed rarified cytoplasm (Fig. 5e ).
Group III (recovery group): The sections showed wide intercellular spaces separating the cells of the 3 epithelial layers which contained irregular nuclei while others where shrunken and heterochromatic. Their cytoplasm displayed multiple vacuoles and mitochondria with disrupted cristae (Fig. 6a, 6b and 6c) . The epithelial cells were rested on an irregular basement membrane. The upper part of stroma consisted of disorganized collagen fibrils and inflammatory cells. Some keratocytes showed irregular euchromatic nuclei while other nuclei were irregular and heterochromatic. The lower part of the stroma showed regular arrangement of collagen fibrils. The keratocytes had irregular contours and nuclei. The cells were surrounded by areas devoid of collagen fibrils ( Fig. 6d and 6e) . Additionally, many dilated blood vessels with heterochromatic endothelial lining and surrounded by inflammatory cells were observed in the stroma (Fig. 6f) .The endothelial cells showed separation from the underlying Descemet's membrane (Fig. 6g) .
Group ΙV (BM-MSC/AMs group): The superficial squamous cells showed euchromatic nuclei comparable to those of the control group. Minimal intercellular spaces were observed and desmosomes were seen connecting the cells to each other (Fig. 7a) . Cells of the intermediate layer were still irregular and separated by wide intercellular spaces. Their nuclei appeared indented by cytoplasmic vacuoles and numerous mitochondria with disrupted cristae were also noticed in the cytoplasm (Fig. 7b) . Cells of the basal layer were seen resting on regular basement membranes and appeared similar to those of the control group. The cells were connected to each other by desmosomes with minimal intercellular spaces. The nuclei appear irregular and the cytoplasm contains numerous mitochondria (Fig. 7c) . The collagen fibers of the stroma revealed few wide spaces, the keratocytes showed large vacuoles in their cytoplasm (Fig. 7d) . The Descemet's endothelium revealed mitochondria with disrupted cristae (Fig. 7e) .
Group V (BM-MSC/PRP gel group): Ultrathin sections revealed corneal histology similar to that of the control group. The corneal epithelium showed normal nuclear and cytoplasmic configuration with the adjacent cells connected by desmosomes and resting on a slightly irregular basement membrane (Fig. 8a, 8b and 8c) . The stroma showed regular collagen fibrils with orthogonal arrangement. The keratocytes appeared spindle shaped with euchromatic nuclei among the collagen fibrils (Fig.  8d) . The Descemet's membrane was homogenous and the endothelial cells were nearly similar to the control group (Fig.8e) .
Quantitative Gene Expression
The expression of VEGF was very low in healthy control corneas. Three days after corneal alkali burn, the expression of VEGF was high but after 28 days in the recovery group the expression was very high. The treatment of injured corneas with BM-MSCs loaded on AM reduced VEGF expression. The highest reduction of VEGF expression was seen in corneas treated with BMMSCs loaded on PRP gel. Also the expression of iNOS was absent in healthy control group while its expression increased after 3 days of corneal alkali burn to reach very high expression after 28 days of corneal alkali burn in recovery group. The treatment of injured corneas with BM-MSCs loaded on AM reduced iNOS expression. The highest reduction of iNOS expression was seen in corneas treated with BMMSCs loaded on PRP gel.
The expression of genes for VEGF and iNOS in control, corneal alkali burns after 3 days, recovery group and injured treated corneas were quantified by real-time PCR. The treatment of injured corneas with stem-cell loaded on PRP gel significantly decreased the expression of VEGF and iNOS (Fig. 9and 10) and (Tables 3 and 4 ). 
E). Some epithelial cells show vacuolated cytoplasm (arrow heads).
The upper part of the stroma consists of thin disorganized collagen fibers (arrows) and a wide space (curved arrow) while the lower part shows regularly arranged collagen fibers with numerous small spaces (asterisks). Nneovascularization (thin arrows) in the stroma is also observed. Descemet's membrane and endothelium appears continuous (double arrow).
(H&E, × 400). 
DISCUSSION
A chemical burn is an ocular emergency that demands prompt and proper management. They frequently cause squeal which leads to blindness affecting the patients' mobility, independence and overall quality of life [24] .
The corneal ulcers induced by chemical alkali burns result in change of the pH of the surrounding tissue leading to ulceration, proteolysis and collagen synthesis defects. Alkalis cause saponification of cell membranes leading to damage of the tissues and release proteolytic enzymes as a part of an inflammatory response which leads to further damage [25] .
Rats in group II (corneal ulcer group), in the present study, were sacrificed three days after induction of corneal alkali burn to assess histological changes in corneas as corneal chemical burns manifest in four phases including immediate, acute, early repair and late repair phases. In the acute phase, epithelial regrowth started if there were enough amounts of (TEM, X3000). undamaged limbal stem cells. Treatment should encourage the growth and preventing inflammation. Thus they must be treated in their acute phase to enhance re-epithelialization, reduce inflammation and limit further degeneration of the epithelium and stroma [26] .
Group II in the current study revealed severe histological alterations of the corneas (epithelial desquamation, nuclear and cytoplasmic changes, disorganization of collagen fibrils, inflammatory cells infiltration, and degenerative changes of the endothelial cells, attenuation, and interruption of the Descemet's membrane) with significant increase in VEGF and iNOS compared to control group. In accordance with these findings, Ke et al., (2015) reported that on day 3 after corneal alkali burn, histological examination revealed corneal epithelial cells loss, bullous keratopathy, and multiple layers of stromal irregularly, sever inflammatory cell invasion and neovascularization within the stoma [27] .
In this study, rats of group III (recovery group) were sacrificed 28 days post corneal alkali burn to assess spontaneous recovery in the late repair phase. In cases of severe corneal damage with LSC depletion residual alterations result in irreversible visual diminution [28] .
Group III revealed thin epithelium, wide intercellular spaces and persistent nuclear and cytoplasmic changes. Disorganized collagen fibrils, numerous inflammatory cells, and degenerated keratocytes were still present in the stroma. Additionally, many dilated blood vessels were observed. Furthermore, endothelial cells were separated from the underlying Descemet's membrane. However, there was no significance difference in VEGF and iNOS compared to group II (ulcer group). In agreement with these findings, Suzuki et al., (2000) found that adherent's junctions and gap junctions were lost in corneal alkali burn due to remodeling of desmogleins of epithelial desmosomes. Also, Yao et al., (2012) demonstrated that chemical alkali burns lead to exposure of corneal basal layer due to necrosis and desquamation of corneal superficial layer. In addition, Jiang et al. (2013) reported that during the recovery phase, epithelial cells overlapped into denuded zones signifying attempts of re-epithelialization by epithelial migration from the healthy corneal epithelium to zones of epithelial defect. Basal epithelial cells proliferation encircling the defect could help in the reestablishment of normal multilayered architecture of the epithelium and in fixation of the newly regenerated epithelium to underlying connective tissue. Also, this was in agreement with the study of Bae et al., (2010) which revealed degeneration and necrosis of keratocytes with inflammatory cellular invasion in corneal alkali burn. Inflammatory cells were demonstrated to generate matrix metalloproteinases and diversity of proteases that broke up collagen fibers in corneal alkali burn, subsequently harming the normal corneal architecture and preventing the stromal healing leading to different degrees of corneal opacities with corneal inflammation after alkali burn [33] .
In agreement with these results, some researches exhibited corneal neovascularization 28 days after corneal alkali burn in rats as recorded in our research in group III. This occurred due to inflammation which initiated tissue hypoxia and subsequently leading to over-proliferation of the capillary endothelial cells. This happened because of expanded generation of angiogenic stimulators, (for example, VEGF) and diminished generation of angiogenic inhibitors, (for example, angiostatin). Also, these vessels could generate extreme reactions by their hyperpermeability, bringing about higher leakage of plasma, lipids, and plasma proteins. All these might penetrate into the corneal stroma, leading to corneal edema and corneal opacity. Also, edema might increase the interstitial pressure leading to stagnation with incomplete vessel obstruction. The subsequent decrease in corneal oxygenation would delayed wound regeneration and exacerbate the injury [34] .
In the current study, group IV and V (corneal ulcer + stem cells) showed improvement in all parameters (light microscope, electron microscope and gene expression studies) as shown by continuous and well organized stratified squamous epithelium, reconstructed corneal stromal arrangement, nearly normal keratocytes between orchestrated collagen fibers with no inflammatory cells invasion and a continuous layer of Descemet's membrane and endothelial cells compared with the control group. BM-MSCs also reduced the neovascularization effect by diminishing vascular endothelial growth factor (VEGF) after corneal alkali burn in rats of group IV and V.
These findings are in agreement with Harkin et al., (2015) who reported that BM-MSCs enhanced epithelial healing. This occured through various ways by which the MSCs reconstructed the corneal injuries after corneal alkali burn by growth factors and cytokines secretions which regulated cell proliferation and signaling. Another research revealed that injured corneas treated with BM-MSCs demonstrated a significant improvement of epithelial defect closure exhibiting a normal multilayered epithelium with no intercellular spaces in epithelial cells compared with untreated eyes due to stem cell capacity to differentiate into various cell types. Also, the regenerated keratocytes secreted essential elements to keep the orthogonal arrangement of the stroma, as keratan-sulfate proteoglycans. They are important for developing and maintaining normal collagen
In agreements with these findings, Meller et al., (2011) reported that amniotic membranes (AM) possessed several properties useful in the treatment for the ocular injury [40] . The AM reduce the inflammatory response and suppressed IL-α and IL1β in the epithelial cells by trapping and inducing apoptosis of inflammatory cells. In addition, tissue remodeling was reported with their use via stimulating apoptosis of T lymphocytes and regulating activated macrophages. Paolini et al., (2016) also revealed that AM acts as a scaffold for proliferation and differentiation due to its content of fibronectin, elastin, hyaluronic acid and collagen type I, III, IV, V and VI [41] . Also, various growth factors have been detected in cryopreserved AMs including epidermal growth factor and transforming growth factors which play a crucial role in the anti-scarring and anti-inflammatory effects of AM, in addition to enhancing re-epithelialization and healing [42] .
Despite the fact that AM are the most common cell carrier for ocular surface reconstruction, some researchers reported that with severe ocular surface disease, the success rate of amniotic membrane in treating ulcers and/or a perforation was less than 20%. As they hold the possible risk of infection transfer, variable tissue quality, and limited transparency, alternative seeding scaffolds have been proposed [43] .
Additionally,
AMs contain contradicting biomolecules which may cause conflicting results on corneal healing. For example, IL-6 and IL-8 are proinflammatory cytokines while IL-10 and IL-1ra are anti-inflammatory. Furthermore, matrix metalloproteinases (MMPs) promote neovascularization. However, tissue inhibitors of metalloproteinases have the reverse role in inhibiting neo-vascularization. Prostaglandins may promote inflammation, but prostaglandin inactivating enzyme and secretory leukocyte inhibitor can suppress inflammation [44] .
While the improvement occurred in group V because PRP concentrates platelets in a small volume of plasma which contains a high concentration of important growth factors, cytokines, and cell adhesion molecules.
In accordance with these results, Stessuk et al., (2016) demonstrated that there were more than 15 growth factors present in the PRP [45] . These growth factors reside in the alpha granules of the platelets (50-80 per platelet). Platelet alpha granules are reservoirs of numerous growth factors and other proteins such as platelet-derived growth factor (PDGF), fibroblast growth factor (FGF), transforming growth factor-β (TGFβ), vascular endothelial growth factor (VEGF), and endothelial growth factor (EGF) interfibrillar spacing and the fibril breadth that required for corneal transparency [36] .
This improvement explained also by . BM-MSC shielded the corneal endothelium from the oxidative stress brought about by free radicals [37] . It repressed chemotaxis of leukocytes and phagocytosis of macrophages and discharge of free oxygen radicals through its immunomodulatory activity. The BM-MSCs secured the corneal epithelium and endothelium and were included in tissue morphogenesis.
In this study, PCNA expression was clearly highly expressed in basal epithelium and throughout the surface and depth of the epithelium in group IV and V. In agreement with these finding, Ye et al., (2006) demonstrated stem cell activity and the kinetics of cell proliferation during corneal alkali burn healing by utilizing stable cell cycle-regulated protein (PCNA) [38] . The MSCs stimulate the limbal stem cells proliferation, as proofed by PCNA expression. This proof demonstrates that the MSCs migrated into the injured cornea and exhibited a positive effect on the propagation of native corneal cell. The possible explanation of is that the engrafted MSCs in cornea may stimulate more limbal stem cells; these activated stem cells respond to the local particular environment created by inflammatory reaction and release cytokines from MSCs, gaining the capacity to propagate and differentiate. So the engrafted MSCs can enhance wound healing by stimulating and synergizing with native cell.
One of the real obstacles related with MSC therapy remains as there is no reasonable vehicle to convey MSCs to a distinct location. Essentially, MSCs for ocular surface regeneration can't be directly conveyed onto the injured eyes as a cell suspension [39] .
The corneas of group IV still suffered from some residual histological alterations while on the other hand, group V displayed corneas nearly normal and comparable to those of the control group. Group IV (corneal ulcer + MSCs on AM treated group) revealed that the intermediate layer was still irregular with few wide intercellular spaces, some nuclear and cytoplasmic degeneration, vacuolated keratocytes. The endothelial cells were relatively degenerated and contained many mitochondria with disrupted cristae. The VEGF and iNOS expression were significantly decreased. While in group V (corneal ulcer + MSCs on PRP treated group) in the current study revealed nearly normal corneal histological structure in comparable with that of the control group. The VEGF and iNOS gene expression significantly decreased in comparison with the corneal ulcer group. which play a vital role in tissue regeneration. So PRP was effective in the healing of ulcers and may be used as a part of other procedures for reconstruction of the cornea.
PRP was activated in the present study by the addition of thrombin and calcium chloride to form a gel. Thrombin activation causes the release of growth factors, improving vascularity and promoting regeneration. PRP activation also leads to the release of a burst of growth factors into the surrounding tissue and maintains their sustained release [46] .
In vivo, MSCs activities are regulated by the molecular microenvironments that modulate their anabolic status. Thus, signaling factors in the microenvironment instruct MSCs to remain quiescent, proliferate, migrate, and/or differentiate. In this context, (Anitua et al., 2015) revealed that tfactors released by PRP promote the healing mechanisms of MSCs through microenvironment regulation [47] . Such factors include epidermal growth factor, that is a potent stimulator of epithelial proliferation and migration, exerts an antiapoptotic effect and stimulates extracellular matrix production, including fibronectin and hyaluronic acid.
Furthermore, PRP stimulates MSC proliferation, preserves MSCs multipotency and does not interfere with any lineage differentiation. PRP preserves the immune-privileged potential of MSCs and may delay the appearance of the senescent phenotype [48] .
CONCLUSION
In the current study, BM-MSCs enhanced the healing capacity of corneal alkali burns. Better results were observed when stems cells were loaded on PRP gel than AM. PRP gel provided growth factors and various proteins necessary in regeneration. It also promoted the healing mechanisms of BM-MSCs through regulation of their surrounding microenvironment. Additionally, PRP gel stimulated proliferation and preserved the immune privilege of BM-MSCs. Thus the use of PRP gel is recommended as a vehicle for BM-MSCs in treatment of corneal alkali burns to avoid long term complications and visual impairment.
